INTRODUCTION
============

Research investigating undergraduate learning experiences in the science, technology, engineering, and mathematics (STEM) disciplines has focused on identifying teaching practices that improve learning outcomes and persistence among students ([@B25]; [@B30]; [@B59]; [@B22]). In the fields of education and psychology, there is growing evidence of the benefits of active learning ([@B54]; [@B18]; [@B10]). While there is general consensus that active learning is effective as a method of engaging students, there is an ongoing debate as to students' preferences for active learning versus lecture formats ([@B62]; [@B65]), benefits and perceptions of active learning for particular groups of students ([@B44]; [@B14]), and the efficacy of specific active-learning pedagogies ([@B43]).

In the field of biology education research, active engagement in the learning process has been found to positively impact student outcomes, including test performance, course grades, and persistence ([@B6]; [@B27]). This has held true for women and students with lower grade point averages ([@B31]). Evidence of student engagement as a positive aspect of learning raises the question of how students become engaged. Relatively unstudied are the student-level mechanisms that contribute to this engagement. Currently, this area of research may be more beneficial to education efforts than additional studies that again replicate the comparative benefits of active learning ([@B16]).

The current study seeks to test a model of buy-in applied to student engagement within active-learning contexts. We examine the extent to which students 1) are clearly *exposed* to active learning in the classroom, 2) are *persuaded* that active learning is beneficial to their education, 3) *identify* with these activities as compatible with their preferred way of learning, and 4) *commit* to engaging in active learning. We further relate buy-in to self-regulated learning behaviors known to be associated with positive student outcomes, such as increased exam performance.

Buy-In
------

In the psychology and education research literature the term "buy-in" remains undefined in a systematic way. Our conceptualization of student buy-in to active learning draws on decades of research spanning the literatures of motivation ([@B66]; [@B51]), social-cognitive ([@B5]; [@B53]), and discipline-based education ([@B58]). Active learning provides students with opportunities to engage in the learning process, and students may decide to participate based on a series of judgments, including whether the activities are deemed as valuable to the learning process, are enjoyable, or allow for meaningful interaction with others ([@B69]; [@B22]). Such judgments may be influenced by a multitude of factors, including students' perceived ability to learn ([@B19]), instructor support ([@B47]; [@B71]), classroom climate ([@B28]), and prior experiences ([@B59]).

The theoretical framework and preliminary data we present consider the role of buy-in and how it relates to student engagement in self-regulated learning and course performance. We start our coverage of this framework with the desired end result: student outcomes.

Student Outcomes
----------------

The use of active learning is increasingly considered to be associated with student engagement and improved outcomes in undergraduate STEM education ([@B27]). Recent studies in biology education research have identified factors associated with increased student performance and ability to adjust self-regulated learning strategies in college-level classrooms featuring active learning. [@B23] examined the relationship between increased course structure (a core component of active learning) and student outcomes, identifying higher levels of student preparation and a more cohesive class environment as key mediators in this relationship. Similarly, [@B31] examined student performance in a flipped-format upper-level biochemistry course for majors. These findings indicated upward of 12% gains in quality of student performance, which is consistent with [@B27] meta-analysis. Furthermore, the authors were also able to establish a link between active learning and student outcomes through shifts in student cohorts' self-regulated learning strategies, such as preclass preparation and course engagement. Notable in each of these studies, results were either equal or more robust for students with lower grade point averages and groups traditionally underrepresented groups in the sciences (i.e., female and minority students; [@B23]; [@B31]). Research is now needed to understand how students engage in active-learning contexts.

Student Engagement in Self-Regulated Learning
---------------------------------------------

Engagement is most often understood as a series of intentional actions involving cognitive, emotional, and behavioral elements ([@B26]). Engagement is a core component of behavioral research in the social sciences and impacts outcomes ranging from educational attainment, job satisfaction, and productivity ([@B40]; [@B45]) to knowledge acquisition and use of problem-solving strategies ([@B32]). In educational contexts, the term "engagement" typically describes students' contributions to the learning process, such as efforts to pay attention, participation in class activities, and actively thinking about course content ([@B64]).

In this paper, we operationally define student engagement as *self-regulated learning* ([@B36]), which describes strategies used by students to process information and construct knowledge, including critical thinking, behavioral control, and metacognition (e.g., planning and monitoring study habits). Self-regulated learning behavior has been found to be associated with self-efficacy, motivation, and academic achievement in college student samples ([@B68]; [@B15]; [@B46]). Successful students tend to be flexible in their use of self-regulated learning strategies ([@B70]), and this flexibility is influenced by factors such as level of motivation, desired grade, and course demands ([@B51]). Nevertheless, the ability to self-regulate learning is not uniform across students ([@B67]). One possible factor influencing the self-regulation process within active-learning contexts may be a lack of "buy-in" to course activities (e.g., [@B35]).

Student Buy-In to Active Learning
---------------------------------

"Buy-in" is a colloquial term that describes individuals' feelings in relation to a new way of thinking or behaving. Buy-in has been described as reflecting elements of participation, support, and a sense of commitment to change, as well as a belief that such changes will have a positive impact on student learning ([@B24]; [@B42]; [@B72]). Despite the prevalence of the term "buy-in" within teacher and student contexts, the education research literature has yet to focus on a standard definition of buy-in. Moreover, there is less research on student buy-in relative to self-regulated learning.

The introduction of progressive pedagogies like active learning in undergraduate science courses represents a growing appreciation of the importance of student learning experiences ([@B33]). In faculty development programs like the long-standing Summer Institutes on Scientific Teaching ([@B49]) and similar initiatives, convincing instructors to move beyond the traditional lecture is achieved through an emphasis on the growing evidence that activities that capture student attention serve to motivate students throughout the learning process ([@B50]). Recent work has shown that faculty who embrace these practices are more likely to ultimately adopt and implement them in the classroom ([@B3]). Faculty reported higher implementation of scientific teaching principles when they moved through this adoption process. In essence, this pedagogy adoption model represents faculty *buy-in* to activities that motivate students. Here, we use this model, adapting it for students.

In this paper, student buy-in is operationalized through the exposure--persuasion--identification--commitment (EPIC) model (see [@B3]). This process of buy-in works in four steps: from 1) exposure to active learning, to 2) persuasion that these activities are good, to 3) identification that the activities are good for them personally, to 4) commitment to this way of learning. We seek to highlight the relationship among persuasion and identification, identifying student attitudes as a prominent driver of learning behavior. In this case, persuasion is hypothesized as necessary in order to impact identification *with* and subsequent commitment *to* engaging in active learning. We propose that this process of buy-in plays out in a systematic manner, with each stage dependent on attitudes and appraisals made during previous stages.

Summary
-------

The positive effects of active learning on performance outcomes among postsecondary students of various ages, races/ethnicities, and majors are sufficiently established (for a detailed account of this research, see [@B27]). Nevertheless, less is known about the student-level mechanisms by which active learning yields such gains (although, see [@B23]; [@B31]). This study represented an initial test of mechanisms promoting student engagement in undergraduate active-learning contexts by examining student buy-in to active learning. We sought to establish the components of buy-in that are related to self-regulated learning behaviors and, ultimately, course performance. We anticipated that students would report varied levels of buy-in to active learning and that these variations would account for subsequent relationships to self-regulated learning and course performance. We examined student buy-in as represented by progression through the EPIC model ([@B3]). The current study investigates the following research questions:What is the nature of student buy-in to this active-learning classroom context?To what extent is student buy-in associated with engagement in self-regulated learning behaviors and course performance?

METHODS
=======

Context
-------

The present study focused on a single section of Human Anatomy and Physiology, a one-semester 2000-level course with an enrollment of 363 students at the University of Connecticut, a large public university in the northeast United States. During the Fall semester, the second half of the course was taught by a teaching-track faculty member who used instructional practices consistent with the scientific teaching taxonomy ([@B13]). "Scientific teaching" is a term used to represent a student-centered pedagogical approach that incorporates active learning, formative assessment, and inclusive teaching practices as core elements (Handelsman *et al*., 2007). This particular professor (author X.C.) attended one of the Summer Institutes described earlier. This professor was trained in and used the practices of active-learning pedagogies (e.g., defining learning goals, formative assessment strategies) consistent with current developments in discipline-based educational research (DBER). The active-learning principles associated with scientific teaching encourage student engagement by, for example, calling upon students to think critically, participate in collaborative discussion, and consider ways they can best achieve learning objectives ([@B9]). This instructor also self-reported a high level of scientific teaching pedagogy adoption on a census survey sent to all past Summer Institute participants from 2004 to 2014 ([@B3]).

Participants
------------

All students enrolled in the course were eligible for participation. Student participants included 245 students (67% of course enrollees; 64% female), with most (90%) enrolled in the course as part of a general or major credit requirement. A majority (54%) of participants were sophomores, although the course included juniors (29%) and seniors (15%), as well as five students who had completed baccalaureate degrees and returned to school for additional training in the sciences. A full accounting of participant demographics is presented in [Table 1](#T1){ref-type="table"}.

###### 

Student demographics (*n* = 245)

                                                    Students (%)
  --------------------- --------------------------- --------------
  Gender                Male                        80 (33)
                        Female                      158 (64)
                        Chose not to identify       7 (3)
  Age                   18--19                      123 (50)
                        20--21                      103 (42)
                        22--24                      12 (5)
                        25+                         2 (1)
                        Did not respond             5 (2)
  Racial/ethnic group   Non-Hispanic white          155 (63)
                        Asian/Pacific Islander      51 (21)
                        Black or African American   14 (6)
                        Hispanic/Latino             23 (9)
                        Multiracial                 8 (3)
  Class                 Sophomore                   131 (54)
                        Junior                      72 (29)
                        Senior                      37 (15)
                        Other                       5 (2)
  Course type           Major requirement           220 (90)
                        General requirement         7 (3)
                        Elective                    14 (6)
                        Did not respond             4 (1)

Procedure
---------

Near the end of the Fall semester, an online survey was distributed to students via an emailed link using the Qualtrics survey software program. Students were offered nominal course credit for their participation (i.e., an additional two percentage points on one exam grade) and were given the option to opt out of the survey without penalty. This research was classified as exempt from institutional review board review.

Measures
--------

Students' reported their level of buy-in to a discrete set of 16 empirically supported active-learning pedagogies detailed in the scientific teaching taxonomy ([@B13]) and adoption process model (see [@B3]). Activities were selected for inclusion in the protocol based on clarity and relevance to the course. These were broken out along three domains: active learning (e.g., "I answered questions in class using a clicker or other polling method"), assessment (e.g., "I completed supporting activities like worksheets, problem sets, additional reading when assessments revealed a problem area"), and inclusivity (e.g., "I considered the contributions of diverse people and perspectives in the realm of scientific discovery").

For each learning pedagogy, students indicated their level of exposure: "I did this"; "I did not do this"; or "I did this but did not understand it." Students who indicated that they had engaged and understood any one of the 16 activities (i.e., indicated "I did this" on the exposure measure) were then prompted with a series of statements for each activity and asked to indicate their extent of involvement in each activity using a yes/no answering format. Statements included "I was convinced that this was good" (persuasion); "I did this because I believed it would contribute to my learning in a positive way" (identification); and "I am committed to embracing this as a way of learning" (commitment) (Supplemental Material).

An individual sum score was calculated for each of the remaining three EPIC categories (persuasion, identification, and commitment) by totaling "yes" responses to the 16 activity prompts. Sum scores thus ranged from 0 to 16 for persuasion, identification, and commitment. In addition, students endorsed two supplementary statements gauging their motivation for engaging in active-learning activities, namely, "I liked doing this as a way to learn" and "I did this because I had to." These additional items were not included in the computation of buy-in scores; responses were collected to inform item interpretation.

Student engagement in course activities via self-regulated learning behaviors was assessed using an abbreviated form of the Motivated Strategies for Learning Questionnaire (MSLQ; [@B52]; [@B17]). Self-regulated learning describes the extent to which students are proactive contributors to the course, both within and outside the classroom. Sample items included: "I try to work with other students from this class to complete the course assignments" and "I make sure that I keep up with the weekly readings and assignments for this course." Participants were asked to rate the extent to which 38 learning behaviors reflected their experiences while enrolled in their current course on a scale from 1, "Not at all true of me," to 7, "Very true of me." Subscales from the MSLQ used in the current study included: Elaboration, Organization, Critical Thinking, Metacognitive Self-Regulation, Time and Study Environment Management, and Peer Learning. Reliability was satisfactory (α = 0.87) overall.

As a measure of student outcomes, students' final grades were provided by the instructor following the end of the semester. Final grades were computed based on a combination of in-class examinations, a lab component, and a final examination. The course included four 100-point in-class examinations. Each of the best three lecture exams accounted for 15% of the final grade. The lab component accounted for 25%, and a 100-point accumulative final exam accounted for 30% of the final grade. Each student was able to earn up to five extra points in each regular exam by completing active-learning assignments (e.g., concept maps, clicker questions, weekly assessment, exam wrapper).

Analyses
--------

Our main analyses addressing each of the primary research questions involved a progression from within- to between-variable statistics tests. All analyses were executed using IBM SPSS 22.0 software. We first examined the percentage of students endorsing each phase of the EPIC framework. A total sum score was then computed for each student by aggregating dichotomous "yes/no" responses to each of the 16 exposure--persuasion--identification--commitment items. We conducted a series of one-way analyses of variance (ANOVAs) to examine potential group differences on the basis of gender, race/ethnicity, and school year within each variable. Bivariate relationships among each variable were then examined using linear regression as an initial test of the viability of the proposed model. Finally, a serial mediation model was fitted to the data.

RESULTS
=======

Background Analyses
-------------------

[Table 2](#T2){ref-type="table"} offers a full accounting of student-reported buy-in to each activity. On average, students reported having completed approximately six activities (M = 6.27, SD *=* 3.26), because they were believed to contribute positively to learning, and reported liking an average of 5.6 (SD *=* 3.31) of the 16 total strategies as a way to learn. Students reported only completing activities "because I had to" to a lesser extent (M = 3.02, SD = 2.04). Overall student engagement in self-regulated learning was represented by a mean score of 3.91 out of 7 (SD = 0.62); the average course grade was 80.12 (SD = 11.93) on a 100-point scoring scale.

###### 

Student-reported buy-in as represented by endorsement of EPIC items

                                                                                                                                       *n*   \% Students reporting exposure who endorsed:        
  ------------------------------------------------------------------------------------------------------------------------------------ ----- ---------------------------------------------- ---- ----
  1.  I answered questions in class using a clicker or other polling method.                                                           234   45                                             56   32
  2.  I adjusted my thought process when solving problems or answering questions.                                                      219   51                                             59   49
  3\.  I applied knowledge of other subjects.                                                                                          217   45                                             63   48
  4\.  I reflected on the effectiveness of my study habits.                                                                            211   50                                             69   47
  5.  I related scientific concepts to everyday phenomena or human experiences.                                                        189   44                                             69   44
  6\.  I completed in-class activities (like think--pair--/share discussions, problem sets, case studies) in a group of two or more.   179   42                                             58   34
  7.  I identified clear learning goals (what I was expected to know and be able to do) based upon my instructor's materials.          178   59                                             75   37
  8.  I designed and conducted experiments in the lecture portion of this course.                                                      170   31                                             33   21
  9.  I worked with other students in diverse groups.                                                                                  164   48                                             49   35
  10\. I developed hypotheses and then made predictions based on my hypotheses.                                                        161   40                                             45   29
  11\. I completed supporting activities when assessments revealed a problem area.                                                     159   55                                             72   42
  12\. I considered the contributions of diverse people and perspectives in the realm of scientific discovery.                         152   50                                             48   40
  13\. I provided feedback to my classmates on projects, assessments, or other activities.                                             144   39                                             44   29
  14\. I presented my scientific ideas in writing.                                                                                     97    31                                             34   26
  15\. I provided feedback to my instructor on this course's structure and content.                                                    82    50                                             51   29
  16\. I read and evaluated scientific literature.                                                                                     54    44                                             41   31

Tests of Group Differences
--------------------------

One-way ANOVAs were used to test potential group differences in the current sample for each study variable. In this course, male students reported significantly greater persuasion (*F*(2,215) = 6.21, *p =* 0.002) and commitment (*F*(2,203) = 5.49, *p =* 0.005) to active learning than their female counterparts, though no statistically significant difference was observed with respect to identification (*p* = 0.85). Further, no statistically significant difference was observed between male and female students with respect to engagement in self-regulated learning behaviors (*p* = 0.10). In addition to gender differences, we examined mean differences across all variables between grade levels: no statistically significant differences were observed. With respect to race/ethnicity, only final course grade, which was higher for white students (M = 81.6, SD = 10.91) than for underrepresented minority students (M = 76.5, SD = 12.95), was found to be statistically significant (*F*(1,231) = 6.79, *p =* 0.01).

EPIC Process Model
------------------

Before testing our full model of effects, we conducted a series of regression models incorporating buy-in and self-regulated learning as an initial test of the model's viability. Importantly, the persuasion (*b =* 0.05, SE *=* 0.01, *t* = 4.15, *p* \< 0.001), identification (*b =* 0.07, SE *=* 0.01, *t* = 5.67, *p* \< 0.001), and commitment (*b =* 0.06, SE *=* 0.01, *t* = 4.25, *p* \< 0.001) elements of the EPIC framework were found to independently contribute to engagement in self-regulated learning. On the basis of these findings, we next fitted a serial mediation ([@B34]) process model to the data to highlight the relative contribution of each step in the EPIC model to student engagement. Results are presented in [Table 3](#T3){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}.

![Serial mediation model depicting process of student buy-in and engagement. *b*, unstandardized coefficients showing relationship between variables; *c*, direct path between predictor and outcome variables; *c*′, path from predictor to outcome variables controlling for the proposed mediator. Indirect paths are pathways from predictors through mediators to outcome variables. When c′ is smaller than c, it suggests that some of the variability in the outcome variable is explained by the indirect path. Exposure predicts identification via persuasion (M1), persuasion predicts commitment via identification (M2), and identification predicts engagement via commitment (M3). A serial mediated pathway beginning from exposure through persuasion, identification, and commitment to predict engagement is significant: LLCI = 0.009; ULCI = 0.089. A full serial mediation model was tested; paths from exposure to commitment and persuasion to engagement have been omitted for clarity. Lines M1--M3 represent mediated relationships. \*\*\*, *p* \< 0.001.](ar76fig1){#F1}

###### 

Serial mediation model of the process of engagement in active learning

             Model            Persuasion   Identification   Commitment   Engagement
  ---------- ---------------- ------------ ---------------- ------------ ------------
  1          Exposure         0.70\*\*\*                                 
  2          Exposure                      0.39\*\*\*                    
             Persuasion                    0.52\*\*\*                    
  3          Exposure                                       0.08         
             Persuasion                                     0.51\*\*\*   
             Identification                                 0.57\*\*\*   
  4          Exposure                                                    0.05\*
             Persuasion                                                  −0.01
             Identification                                              0.04\*
             Commitment                                                  0.06\*\*\*
  *r*^2^                      0.26         0.44             0.53         0.19
  Constant                    −2.17        0.12             −0.28        3.79
  SE                          0.91         0.69             0.73         0.19

\**p* \< 0.05.

\*\*\* *p* \< 0.001.

We tested the steps of the EPIC process model with serial mediation ([@B34]), which allowed for tests of mediation pathways with more than one mediator working sequentially through each step while considering all previous steps in the model. For example, serial mediation first estimates the total and direct effects of exposure to identification through persuasion. A statistically significant pathway would suggest that exposure led to persuasion, which in turn led to identification. Next estimated was the path of persuasion to commitment through identification while the model controlled for the effects of the variables in the previous mediation, which in this case would be exposure. A statistically significant pathway at this step of the model suggested that persuasion led to identification (over and above the effects of exposure described earlier), which in turn led to commitment. The serial mediation worked through all steps of the proposed model in a similar manner. At any point, the statistical pathway could fail to find relationships that provide effects over and above previous steps in the model, and the serial mediation would not indicate a significant pathway. Therefore, a significant pathway indicates that each step of the model is a unique contributor to the outcome variable and that the model provides a statistical account of this process.

Serial mediation analyses did reveal a significant pathway from exposure to engagement via persuasion, identification, and commitment. The lower and upper limits of the confidence interval for the exposure→engagement pathway did not cross zero (*b =* 0.05, lower level confidence interval \[LLCI\] = 0.009, upper level confidence interval \[ULCI\] = 0.089), indicating a statistically significant pathway. There was a main effect of each step in the EPIC process. Exposure to active-learning principles in this course significantly predicted the likelihood that students would be persuaded of the value of these practices (*b =* 0.70, SE *=* 0.08, *t* = 8.63, *p* \< 0.001). Persuasion, in turn, was found to significantly impact identification (*b =* 0.52, SE *=* 0.05, *t* = 10.65, *p* \< 0.001), and identification to predict commitment (*b =* 0.57, SE *=* 0.06, *t* = 9.12, *p* \< 0.001). Serial mediation accounts for each step in a pathway to account for all prior stages in a model; in this case, we found a significant main effect for commitment on engagement and an indirect impact of commitment on engagement accounting for exposure, persuasion, and identification. These results indicate that persuasion, identification, and commitment are each an important component of buy-in, while higher levels of buy-in were found to positively predict self-regulated learning.

Engagement in self-regulated learning was subsequently found to impact students' course performance, as a statistically significant relationship (controlling for gender) was found between self-regulated learning and final grade (β *=* 0.29, SE *=* 1.06, *t =* 4.68, *p* \< 0.001). Results indicate that exposure to scientific teaching principles in the classroom, in conjunction with persuasion that these principles benefit student learning, an identification with scientific teaching as compatible with an individual student's way of learning, and a commitment to participating in these learning behaviors in future courses are each associated with student outcomes relevant to course performance.

DISCUSSION
==========

We provided support for a process model depicting student buy-in to active learning in an undergraduate science course. The EPIC model was found to contribute significantly to engagement in active learning, with exposure found to impact engagement via persuasion, identification, and commitment. We presented a statistically significant serial mediation model indicating the role of each stage impacting subsequent stages. Importantly, persuasion, identification, and commitment were each found to directly and indirectly contribute to the likelihood of student engagement in self-regulated learning. These results provided support for our hypothesized model of a multiphase process of student buy-in linking exposure to active learning with student performance outcomes.

One of the primary concerns for any instructor introducing an activity into his or her classroom is the nature of student response: Will the activity lead to a stimulating discussion that unearths new insight into course material (as envisioned by the instructor during the design of the activity), or will it fail to resonate as interesting and relevant, falling flat due to lack of student interest ([@B56])? Though an instructor may foresee educational value in implementing active-learning exercises (e.g., short writing exercises, small-group activities, clicker questions), there is no known guarantee that students will share this view. It is equally plausible that, within a class, some students will respond more positively than others ([@B37]). From an instructor perspective, recognizing the likelihood of the variation in student response is an important first step in providing an educational experience that benefits all types of learners. From there, instructors may target areas of student disinterest, discontent, or doubt by adjusting the frequency and type of active learning introduced in the classroom, thus maximizing the impact of these activities on student learning. This study sought to inform these types of instructional decisions by specifying the nature of students' attitudinal and behavioral responses to active learning.

The goal of this study was to investigate student buy-in to active learning in the classroom and its relation to student outcomes. We targeted student perceptions of active-learning experiences, establishing buy-in as a viable explanation for the consistent link between active learning and enhanced learning outcomes in the sciences established elsewhere ([@B4]; [@B27]; [@B12]). Our findings revealed that students who reported more substantial buy-in to active learning were more likely to engage in the types of self-regulated learning behaviors that often lead to academic success. Our model extends earlier work on student perceptions within undergraduate courses (Tinto, 2015) by examining elements of student response to active learning: whether students are persuaded of the value of these practices, believe they will ultimately benefit as learners, and wish to continue these practices in future courses.

Active learning stands in contrast to traditional lecture-based course formats by introducing a participatory expectation into the classroom. Students are invited to engage in the learning process and construct their knowledge by involving themselves in activities that emphasize collaboration, interaction, and experimentation. Our conceptualization of buy-in functions as an operational definition of the student response to this invitation and a proxy for many of the student-level factors (e.g., motivation, instructor perceptions, academic self-concept) explored in other literatures ([@B38]; [@B71]; [@B43]) that contribute to student success.

By virtue of the fact that student buy-in was found not to be uniform across students in this study, we were able to demonstrate and measure the range of student experiences that occurred within the classroom setting for this particular course. Some students believed that active learning contributed to their learning process, and wished to continue using it in the future. Others failed to distinguish or remained otherwise unconvinced of the merits of these practices. Despite significant efforts on the part of the instructor to implement active-learning activities throughout the course, student response to these practices varied. Though students reported mixed perceptions of active learning in the classroom, buy-in to active learning was nevertheless significantly associated with each of the student outcomes of interest in this study.

Serial mediation analyses revealed that student buy-in to active learning was significantly associated with engagement in self-regulated learning behavior. To the extent that students made a commitment to participate in active-learning activities, they were more likely to actively evaluate and self-assess their understanding of course materials and their learning strategies. In association with student buy-in, student engagement played a statistically significant role in students' performance in this course. Students who bought into active learning were more likely to achieve higher course grades than those who did not. This statistical significance underlies the multifaceted nature of buy-in as a concept and its potential to explain a range of course-relevant outcomes.

These results are meaningful in representing student responses regarding current active-learning practices common within undergraduate STEM classrooms. Student experiences in courses required for science majors are important in impacting scientific thinking and career decisions, among other outcomes ([@B63]; [@B8]). Poor course experiences may impact the choice of one's major, the likelihood of graduating, and the decision to pursue graduate training ([@B57]). In contrast, positive course experiences have the potential to inspire the growth and development of the next generation of scientists. Science educators should continue to cultivate an appreciation and understanding of students' undergraduate course experiences to meet the needs of all learners. These findings reaffirm the variability of student experiences in undergraduate courses and the need to account for these differences by providing a range of learning activities to encourage student engagement.

Although not explicitly tested in this manuscript, any interpretation of individuals' responses to the introduction of new ideas is indebted to the seminal work of [@B55] and other theorists of the diffusion of innovation. Innovation theory predicts the likelihood that and rate at which a new idea will be adopted or rejected based on a number of factors, including individual characteristics, organizational context, and the features of the innovation itself ([@B61]). Rogers and others focus on elements of awareness and persuasion as the drivers of these decisions.

The assumption in the field of DBER is that the introduction of an innovation such as active learning into the classroom will benefit students, largely due to its capacity to actively engage students in the learning process (e.g., [@B31]). The remaining question is *why* active learning serves to engage students; diffusion of innovation theory would suggest that students decide whether to engage in active learning on the basis of a series of appraisals, including the characteristics and expected value of active learning. In some instances, [@B55] posits that individuals may bypass appraisals in the persuasion stage and instead decide to adopt the innovation on a limited basis before deciding on its utility.

The EPIC process model was not intended to replace or compete with [@B55] perspective: rather, we sought to build on the work of [@B3], and to deepen our understanding of individual perceptions and behavior in innovative educational settings. The EPIC model was developed independently of Roger's work, relying upon constructs developed in research investigations in social and organizational psychology of: exposure, including aspects of communication, memory, salience, and accessibility (e.g., [@B20]; [@B21]); persuasion, including theories of descriptive norms ([@B11]) and attitude change (stages of change model; for a review, see [@B48]); identity, including self-theory ([@B41]), individual self ([@B7]), and self-efficacy (e.g., [@B1]); and commitment, including theories of attitude strength (e.g., [@B39]) and goal strength (e.g., [@B29]). Interestingly, the EPIC model and innovation theory independently converged on substantially overlapping conceptualizations of these processes. Because of these consistencies, the EPIC model might aptly contribute to innovation theory research as well by providing a straightforward application of similar principles within a sample of undergraduate science students.

Limitations
-----------

Given the role of self-regulated learning and engagement in predicting a constellation of student outcomes demonstrated elsewhere ([@B26]; [@B68]; [@B46]), we sought to define buy-in as an antecedent of engagement. Though we were not testing a causal model, results from this study provide preliminary support for the process of student buy-in as a potentially important contributor to engagement. As an individual difference measure, buy-in is valuable in capturing the diversity of student course experiences. Buy-in may also emerge as an area of focus for instructors seeking to improve student outcomes such as course performance and retention. Careful study of the process by which students engage in self-regulated learning can provide insight into strategies for successfully implementing active learning and other progressive pedagogies in ways that serve to meet the needs of diverse student populations across a range of educational contexts ([@B25]; [@B23]).

Implications
------------

The findings presented here reaffirm the relationship among active learning, student engagement, and performance outcomes while suggesting a new avenue for research in understanding student mechanisms that contribute to these relationships. While the interpretive scope of these results are limited by the cross-sectional nature of the data from a sample of students in a single course, they nonetheless provide insight into student experiences within a required course common among undergraduate science majors in the United States. These findings suggest the potential for a linear model depicting the process by which students construct knowledge and understanding within a course featuring active learning.

Future Directions
-----------------

As the field of DBER continues to move forward in understanding teaching and learning in the information age, future studies within the STEM disciplines can move toward examining the elements of student classroom experiences that most contribute to buy-in, such as student--teacher relationships, cultural and gender-inclusive practices, and student perceptions of course content and learning activities. By examining these relationships for particular subsets of students (e.g., students from groups traditionally underrepresented in the sciences), researchers may identify elements of active learning that contribute to a narrowing of the achievement gap on college campuses. In addition, research is needed to investigate ways that course experiences impact student outcomes over time, including meaningful effects on critical thinking ([@B8]), degree completion, the formation of ties to the scientific community, and attainment of graduate degrees in the sciences ([@B30]).

While these findings are encouraging, they represent only a first step in explaining the myriad student-level factors influencing engagement and performance in college courses. Earlier findings suggest that individual difference measures such as students' perceived ability to learn ([@B19]) and prior exposure to active learning ([@B59]) may impact their course experiences. Classroom contextual factors such as course structure and quality of student interactions may play a central role in impacting student learning experiences in active learning contexts that encourage high degree collaboration, as in other learning contexts ([@B23]; [@B12]). Finally, there is reason to believe that instructor characteristics, including level of support and quality of interactions with students may be of particular interest in this context ([@B47]; [@B71]). Future studies should explore the confluence of student-, classroom-, and instructor-level influences that serve to meaningfully impact student buy-in, engagement, and performance outcomes. Additional research will be important in elucidating the strength and direction of these potential relationships across a wide range of educational contexts and building a case for causal inference.

CONCLUSION
==========

While there is strong empirical evidence to support the use of active learning in college science classrooms to improve learning outcomes, the elements of student experiences that produce these effects are less well understood. The findings presented here suggest that student learning may benefit from buy-in to active learning, as these attitudes surrounding buy-in impact engagement in self-regulated learning and course performance. Though buy-in is a well-worn term across a range of research literatures in the social sciences, we are only beginning to understand the impact of student buy-in within undergraduate educational contexts and the resultant impact of this buy-in on performance and other outcomes.
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